2 ) or percentage body fat (%BF) by bioelectrical impedance analysis (BIA) better reflects the cardiovascular risk profile, we examined the associations among BMI, %BF by BIA, and cardiovascular risk factors (systolic blood pressure (SBP), diastolic blood pressure (SBP), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), LDL-C/HDL-C ratio, and triglycerides (TG)) in 1,217 Japanese male office workers aged 25 to 59 years. From stepwise regression analyses of cardiovascular risk factors on age, BMI, alcohol intake, and cigarette smoking, significant correlates were, in the order of relative importance: age, BMI, and alcohol intake for SBP and DBP (the cumulative percentage of variation; 14.9% and 21.3%, respectively); age, BMI, and alcohol intake (negative) for LDL-C (11.0%); BMI (negative), alcohol, and cigarette smoking (negative) for HDL-C (19.9%); BMI, alcohol intake (negative), age, and cigarette smoking for LDL-C/HDL-C ratio (23.1%); and BMI, age, cigarette smoking, and alcohol intake for Log TG (21.7%). From stepwise regression analyses using %BF by BIA as an independent factor, %BF by BIA was also significantly associated with each cardiovascular risk factor, but the decrease in explained variance for each cardiovascular risk factor was 0.2-4.5%, compared with the model using BMI as an independent factor. These results suggest that BMI may better reflect blood pressure or serum lipid profile than %BF by BIA.
Introduction
Body composition is a powerful predictor of mortality and morbidity 1) . Body mass index (BMI, kg/m 2 ), or Quetelet's index, calculated from height and weight has been commonly used as an easy index for body composition in clinical settings and in epidemiological studies 2) . As reported in numerous previous studies [3] [4] [5] [6] [7] [8] [9] [10] [11] , BMI was found to be an independent factor for cardiovascular risk factors such as hypertension and dyslipidemia. However, BMI has been actually developed as a measure of weight that is independent of height and not as an index of obesity 12, 13) . This entails a potential misclassification of fat content (percentage that is fat) by BMI.
Debate over the value of BMI for the estimation of body fat has led some investigators to recommend the use of new technologies for the direct measurement of body fat 14) . For epidemiological studies with large samples, bioelectrical impedance analysis (BIA) has been recently used to estimate body fat. Based on the principles governing the electrical impedance of body tissues, BIA provides a rapid, noninvasive, and relatively accurate estimation of total body water, from which body composition is derived [14] [15] [16] . However, whether BMI or percentage body fat (%BF) by BIA better reflects the cardiovascular risk profile remained to be answered 17, 18) . A study of Japanese men and women found that %BF by BIA better reflected serum lipid profile than BMI 17) . On the other hand, a study of three populations of West African heritage living in different environments found that %BF by BIA was not a better predictor of blood pressure or waist or hip circumference, compared with BMI 18) . In this report on a cross-sectional population study based on annual health examinations at workplace, we have made an attempt to determine whether BMI or %BF by BIA better reflects blood pressure or serum lipid profile, controlling for age, alcohol intake, and cigarette smoking, since body composition would be affected by age, alcohol intake, and cigarette smoking [19] [20] [21] [22] [23] .
Materials and Methods
A survey was conducted in 1999 among employees of T Corporation, which is one of the biggest building contractors in Osaka, Japan. The participants in the 1999 survey consisted of 2,196 Japanese male office workers aged 25 to 59 years, and the participation rate was 99.9%. Out of the population, 1,217 men (55.4%) were selected as study subjects, using the three eligibility criteria: (1) participation in health examinations at 09:00 to 12:00 h; (2) overnight fasted serum sample; and (3) no drugs for cardiovascular reasons.
The survey included a questionnaire, physical examinations, blood pressure measurement, and collection of blood samples for laboratory analysis. Data on alcohol intake and cigarette smoking were obtained by interview. An interviewer assessed the usual weekly intake of alcohol in units of "go" (a traditional unit of measurement, by volume, corresponding to 23 g to ethanol), which were converted to go per day. One go is 180 ml of sake, and it corresponds to one bottle (633 ml) of beer, two single shots (70 ml) of whisky, or two glasses (180 ml) of wine. An interview was conducted to ascertain the number of current cigarettes smoked per day. Weight and height were measured with the subjects in typical indoor clothing but without shoes; weight to the nearest 0.5 kg, height to the nearest cm. BMI was then calculated as weight (in kg) over height (in m 2 ). %BF was estimated by BIA using the standard tetrapolar technique according to the manufacturer's instructions for distal electrode placement on both wrists (a stand-on model, AD-6311, A and D Co., Ltd., Tokyo, Japan). The correlation between fat-free mass by BIA and by hydrodensitometry has been reported to be 0.865 in healthy Japanese men aged 20 to 56 years (n=81) 24) . %BF was 19.3 ± 5.1% (mean ± s.d.), ranging from 10.0 to 31.4% for BIA, and 18.0 ± 6.6%, ranging from 6.5 to 35.0% for hydrodensitometry. The correlation between %BF by BIA and by hydrodensitometry was 0.750, with a standard error of the estimate of 0.48%. Blood pressure was measured to the nearest 2 mmHg with a standard sphygmomanometer on the right arm of subjects sitting after 5 min rest, and Korotkoff phases I and V were taken to represent systolic blood pressure (SBP) and diastolic blood pressure (DBP), respectively. After the blood pressure measurement, fasting blood samples were drawn from an antecubital vein. Concentrations of low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), and triglycerides (TG) were determined enzymatically on the Olympus AU-5200 auto analyzer (Olympus Japan Co., Ltd., Tokyo, Japan) by FALCO Biosystems Tokyo Co., Ltd., Tokyo, Japan. LDL-C concentration was measured directly, using the direct Ngeneous LDL-C assay 25) , and serum LDL-C/HDL-C ratio was calculated in all subjects. Quality control of the laboratory was maintained by internal method, and the coefficients of variation were all within 3% for LDL-C, HDL-C, and TG. Characteristics of the study population are shown in Table 1 . For statistical assessment, Pearson's correlation coefficients were used to show relationships between two variables. Stepwise multiple regression analyses were performed to examine an independent association of factors and their relative importance as determinants of the levels of blood pressure and serum lipids. In the statistical analyses, the logarithm for TG (because of the non-gaussian distribution of the frequency for this variable) was used.
Data analysis was performed with the SPSS/PC statistical package (Marija J. Norusis, SPSS Inc., Chicago, IL, USA). All reported P-values are two-tailed and a P-value of less than 0.05 was considered significant. Table 2 shows means of BMI and %BF by BIA and Pearson's correlation coefficients between BMI and %BF by BIA by 5-year age group. Means of BMI and %BF by BIA differed significantly among seven age groups (F value: Table 3 shows Pearson's correlation coefficients between cardiovascular risk factors and age, BMI, %BF by BIA, alcohol consumption, and cigarette smoking. SBP, DBP, and Log TG level were significantly positively associated with age, BMI, %BF by BIA, alcohol intake, and cigarette smoking. LDL-C level and LDL-C/HDL-C ratio were significantly positively associated with age, BMI, %BF by BIA, and cigarette smoking, and were significantly negatively associated with alcohol consumption. As for HDL-C, HDL-C level was significantly negatively associated with age, BMI, %BF by BIA, and cigarette smoking, and was significantly positively associated with alcohol consumption. Compared with %BF by BIA, BMI was better correlated with each cardiovascular risk factor level. Table 4 shows the results of stepwise regression analyses for cardiovascular risk factors on age, BMI, alcohol consumption, and cigarette smoking. Significant correlates with SBP, DBP, LDL-C level, HDL-C level, LDL-C/HDL-C ratio, and Log TG level were, in the order of relative importance: age, BMI, and alcohol intake for SBP and DBP; age, BMI, and alcohol intake (negative) for LDL-C level; BMI (negative), alcohol, and cigarette smoking (negative) for HDL-C level; BMI, alcohol intake (negative), age, and cigarette smoking for LDL-C/HDL-C ratio; and BMI, age, cigarette smoking, and alcohol intake for Log TG level. The cumulative percentages of variation for SBP, DBP, LDL-C level, HDL-C level, LDL-C/HDL-C ratio, and Log TG level were 14.9%, 21.3%, 11.0%, 19.9%, 23.1%, and 21.7%, respectively. Table 5 shows the results of stepwise regression analyses for cardiovascular risk factors, using %BF by BIA as an independent factor in the model. The same significant correlates with each cardiovascular risk factor and orders of relative importance were observed as in the model using BMI as an independent factor. However, the cumulative percentage of variation for each cardiovascular risk factor was decreased, compared with the model using BMI as an independent factor, (13.2% for SBP, 19.3% for DBP, 10.9%
Results
for LDL-C level, 17.4% for HDL-C level, 21.5% for LDL-C/HDL-C ratio, and 18.5% for Log TG level).
Discussion
In this study, BMI was highly correlated with %BF by BIA (r=0.755-0.810) in all age groups, and both BMI and %BF by BIA were found to be independent factors for increased SBP, DBP, LDL-C level, TG level, and LDL-C/ HDL-C ratio and reduced HDL-C level, controlling for age, alcohol intake, and cigarette smoking. Percentages of variations of BMI and %BF by BIA were 3.2% to 6.0% for SBP, DBP, and LDL-C level, but were more than 10% for HDL-C level, LDL-C/HDL-C ratio, and Log TG level. These results suggest that obesity indicated by BMI or %BF by BIA is particularly associated with increased LDL-C/HDL-C ratio and TG level and reduced HDL-C level. As for the difference of explained variance between BMI and %BF by BIA, the decrease in explained variance for each cardiovascular risk factor was 0.2-4.6% in the model using %BF by BIA as an independent factor, compared with the model using BMI as an independent factor. Our data indicate that BMI might better reflect blood pressure or serum lipid profile than %BF by BIA. As reported in previous studies 9, [26] [27] [28] [29] , daily alcohol consumption was found to be significantly associated with increased SBP, DBP, HDL-C level, and TG level. Furthermore, alcohol consumption showed the significant inverse association with LDL-C level and LDL-C/HDL-C ratio. It can therefore be suggested that alcohol has an antiatherogenic effect by altering both HDL-C and LDL-C in Japanese male office workers. However, clinical opinion holds that abstinence from alcohol is fundamental to the control of hypertension and hypertriglyceridemia.
As for smoking, recent investigations into the effects of smoking on blood pressure have variously found that it is either unrelated 30, 31) or related 32, 33) to hypertension. In this study, smoking habits showed no significant relationship with SBP and DBP. On the other hand, many studies have noted an inverse relationship between smoking and HDL-C level 34, 35) , which is one suggested mechanism whereby smoking increases the risk of coronary arteriosclerosis. TG level in whole serum and a very low density lipoprotein fraction have been found to increase with cigarette smoking 35) . We also showed that cigarette smoking was significantly associated with reduced HDL-C level and increased LDL-C/ HDL-C ratio and TG level. In the population surveyed for this study, nearly half of our participants smoked cigarettes. Associations with increased risks of serum lipid profile warrant the promotion of smoking cessation at workplace.
In conclusions, our results suggest that BMI may better reflect blood pressure or serum lipid profile than %BF by BIA and that body fatness of Japanese male office workers may be simply predicted from body height and weight. As for the clinical use of BIA, BIA may promise at least one other measure of body composition that can be applied to large populations, since it is fast, is inexpensive, and does not require extensive operator training. However, several limitations should be taken into consideration. %BF by BIA is affected by individual and environmental factors such as posture and time of measure, consumption of food or beverage, sweating, and physical activity 36) . Since BIA equations may not be easily transferred from one population to another if the populations differ in important determinants such as sex, age, obesity, and illness, specific equations must be developed for various subgroups of such study populations. If more sophisticated treatment of these factors would be developed to improve the precision and accuracy of BIA further, BIA might become a useful method of estimating body composition in the field. 
